SUMMARY: Continuous and short-term disturbances are produced on intertidal Brachidontes rodriguezii mussel beds by the sewage outfall of Mar del Plata, SW Atlantic. The effects on the associated polychaetes living on and between mussels were investigated, in both the spatial and short-term temporal scales. Multivariate methods show that the polychaete fauna was influenced by tidal level, total amount of sediment accumulated between mussels, distance from the sewage outfall, organic carbon of interstitial sediments, and sewage volume before and after the summer season. Environmental variables in the water column fitted with a spatial and temporal organic gradient. Capitella 'capitata' sp. showed typical opportunistic behaviour in relation to organic enrichment, as did Neanthes succinea, both being numerically dominant near the sewage discharge. Cirratulus sp., Caulleriella alata, and Boccardia polybranchia were common at intermediate distances from the outfall. Syllis prolixa, S. gracilis, and Protoariciella uncinata reached their highest abundance at intermediate stations and were characteristic of the control site. Close to the outfall mussel density and dominance is low, and opportunist polychaetes successfully colonize organically enriched interstitial sediments. At intermediate distances from the outfall sediments retained by mussels reach their maximum values, and density of polychaetes is also high. The control station is characterized by monolayered mussel beds and very low diversity of polychaetes. Opportunistic polychaetes increase in response to shortterm increases of sewage discharge during the summer season (November-March).
INTRODUCTION
The response of macrobenthos to both spatial and temporal effects of sewage discharge in subtidal and intertidal habitats is well-known, on both hardbottoms and in muddy-sandy substrata (Pearson and Rosenberg, 1978) . The opposite effect is also known, i.e. when an organically enriched discharge stops or is reduced (Moore and Rodger, 1991; Roberts et al., 1998; Archambault et al., 2001) . However, in a coastal city of the Southwestern Atlantic (Mar del Plata, 38°S, 57°W, ca. 550,000 inhabitants) an uncommon phenomenon occurs during a short period each year. About 2,000,000 people reach the city during the summer season, since it is the most popular seaside resort in Argentina. As a result of this increase in population, the intertidal sewage discharge increases from a mean continuous rate of 2.5 to 4 m 3 /s. How does the marine ecosystem respond to this short-term or pulse disturbance (sensu Bender et al., 1984) ? In subtidal areas near the outfall this increase has a significant effect on both the macrobenthic assemblages and environmental variables. The sewage-disturbance produces low macrobenthos diversity and poor environmental conditions, but periodic storms keep the environment healthy and return the macrobenthos to equilibrium (Elías et al., 2005) . It is suspected that this pulse disturbance (i.e. an acute effect that eventually diminishes) has a major impact on the intertidal community rather than on communities in the subtidal zone.
The structure of the intertidal mytilid community on the SW Atlantic shore, characterized by Brachidontes rodriguezii, has been sucessfully used to detect environmental impact due to domestic sewage (López Gappa et al., 1990 , 1993 Vallarino, 2002; Vallarino et al., 2002) . The methodology is expensive in terms of sampling design, sorting and identification of all the organisms living in association with the mussel beds. On the other hand, López Gappa et al. (1993) have mentioned that the study of the associated flora and fauna of these mussel beds could be suitable for assessing organic enrichment due to sewage along the argentine coasts. In fact, the matrix of B. rodriguezii (like other mussel beds, see Tsuchiya and Nishihira, 1985; Seed and Suchanek, 1992; Tokeshi, 1995; Günther, 1996; Ragnarsson and Raffaelli, 1999; Damianidis and Chitiroglou, 2000) creates a secondary sediment habitat that is occupied by several species, including nemerteans, polychaetes and other infaunal invertebrates (Penchaszadeh, 1973; Scelzo et al., 1996) .
Polychaetes are one of the most useful marine taxa for the detection of pollution because they live at the water-sediment interface which is biologically reactive and chemically active (Rhoads and Boyer, 1982) . Polychaetes have been used in bioassays, monitoring of toxic compounds, and as pollution indicators, from the community or population level to the species level (Pocklington and Wells, 1992; Reish and Gerlinger, 1997) . Presence or absence of some species, or even families, is known to be an indicator of contamination, in particular the presence of the Capitella complex or some spionids (Tsutsumi, 1990) , or the absence of the genus Lumbrineris (Ryggs, 1985) . Polychaetes associated with intertidal mussel beds of Brachidontes rodriguezii show classic behaviour in relation to an organic gradient, and have been successfully used as indicator species for assessing organic pollution of the SW Atlantic shore of Argentina (Elias et al., 2003) . However, that study was limited to the spatial scale, and was carried out before the summer season impact. The present study analyses both spatial and temporal patterns, and also considers the tidal level. The temporal pattern tests the polychaete response to an increased sewage discharge due to the temporary increase of population in a major recreational city of the SW Atlantic in three 'before and after' summer seasons (November 1997 -March 2000 .
Study area
The sampling area is an open coast subjected to a longshore littoral current (south to north) and autumn-winter storms (Lanfredi, 1972; Isla and Ferrante, 1997) , with vast sandy beaches only interrupted by cuarcitic outcrops and abrasion platforms of caliche (consolidate loess). Semidiurnal tides have a range of between 0.9 m and 0.6 m. Seawater temperature ranges from 8-21ºC, and salinity varies between 33.5 and 33.8 psu, being considered as residual waters of the continental shelf (Lucas et al., 2000) .
Sewage is discharged intertidally north of the city, with only a pretreatment that retains solids greater than 0.5 mm. Adjacent to the sewage outfall, an abrasion platform (intertidal hard substratum) is abiotic to the north (except for a few opportunistic algae), but covered by a well developed mytilid community to the south, where the study was carried out.
METHODS
Four stations south of the outfall were sampled, the first about 50 m to the south and the fourth some 725 m south of the outfall. Sampling was carried out at each station at two levels, the upper exposed during regular tides and the lower exposed only during extraordinarily low tides. At each sample point four random replicates were taken with a 78 cm 2 cylindrical corer. A fifth station C (the control site) was also sampled in the Santa Elena Formation (also an abrasion platform), 9 km north of the outfall (Fig.  1) . Each replicate was sieved using a 1 mm mesh, and the polychaetes living on and between the mussels were identified and counted.
Sediments accumulated between mussels in each replicate were retained during sorting for total weight estimation, while in situ samples of these sediments were obtained for Total Organic Carbon (TOC) content (Walkley and Black, 1965) . Other environmental variables of seawater (pH, dissolved oxygen, turbidity, salinity and temperature) were also measured in situ with a U-10 Horiba. Sampling was carried out before and after the summer season, during November 1997 , 1998 , 1999 , and March 1998 , 1999 Water variables were analyzed using two-way ANOVA; each environmental variable vs stations and months (November and March) as factors. Sediment variables were analysed by two-way ANOVAs; one plotting total sediment retained between mussels vs upper-lower shore levels and stations, and the other with sediment vs stations and months. Other two-way ANOVAs analysed TOC in upper-lower levels, stations and months. These analyses were carried out despite the inability to sample at some lower levels on occasions (e.g. in station 1 and sometimes in 3), and at some other stations sampling was impossible on occasions due to inclement weather conditions. All environmental variables show homogeneity of variances (Cochran's C test), with sediments accumulated between mussels transformed as Log 10 (x+1).
Ordination of biological data with non-metric Multi-dimensional Scaling (n-MDS) was used to analyse quantitative data on polychaete abundance and distribution. Minimum stress was achieved using the transformation log 10 (x+1). Due to the high total number of replicates at each station they were averaged prior to n-MDS analysis. A matrix of similarities between each pair of samples was calculated using the Bray-Curtis similarity index. This coefficient was adopted since it is not affected by joint absence and was sufficiently robust for marine data (Field et al., 1982) . The significance of the groups outlined a priori (levels within impacted and control areas) was tested with two-way nested ANOSIM ("analysis of similarities"), and the organisms that most contributed to the differences observed among groups were found by means of the SIMPER ("similarity percentages"). The significance of the shortterm response (November vs March) of the macrobenthic community was also analysed by a oneway ANOSIM, followed by a SIMPER analysis. All analyses were performed using the PRIMER computer program package.
A parametric method, the Redundancy Analysis (RDA), was performed to assess the relationship between stations, abiotic parameters and polychaete abundances in the months November and March. The eight most abundant polychaete species were used for this analysis. The use of a parametric method in the temporal scale is justified because there is no pseudoreplication in time due to different sampling sites at each station. The analysis was performed using the Biplot routine of the Excel worksheet. Mean data of sediment accumulated between mussels at the sample stations, (c) at upper and lower tide levels and (d) in November and March.
We have display untransformed data graphically, for a better understanding of the behaviour of both environmental variables and associated polychaetes in intertidal mussel beds.
RESULTS

Water quality
The variables measured (Fig. 2) show a pattern consistent with a gradient from the intertidal sewage outfall to the southernmost station 4. All variables have highly significant differences (p<0.01) between the months November and March, while pH and dissolved oxygen also show highly significant differences between the stations. Salinity shows significant (p<0.05) interactions (Table 1) .
Sediment analyses
TOC (Fig. 3a) shows a gradient of organic enrichment from station 1 (closest to outfall) to station 4. However, minimum values were reached at station 3, and were slightly below those at the control site (C). The differences were not significant between stations, but highly significant (p<0.01) between the sampling months (November is higher than March, Fig. 3b ). Lower tidal levels show lower values in all but station 3. Total sediment accumulated between the mytilids shows the opposite trend, being higher at the control site than near the outfall. Station 1 had the lowest value, and station 3 the highest (Fig. 3c) Figure 2 , Variables: pH, turbidity, dissolved oxygen, temperature, salinity, sediment between mussels and total organic carbon. * p<0.05; ** p<0.01. The last column has the significant post hoc comparison (SNK test). (Fig. 3d ). Lower tidal levels had lower sediment values (Fig. 3c , Table 1 ).
Polychaete response
A total of 25271 individuals belonging to 12 taxa (Table 2) were identified from the 6 samplings analysed (November 1997 , 1998 , 1999 , and March 1998 , 1999 . A two-way nested ANOSIM ( tide levels within impacted and control station, averaged across all area or tide level groups) shows that differences due to tide levels are significant (Global R: 0.171, p= 0.3%, Fig. 4) , as well as between the impacted area (stations 1-4) and the control station (Global R: 0.75, p= 33.3%, Fig. 5 ). Boccardia polybranchia and Capitella 'capitata' sp. are more abundant at both the high tide level and the impacted stations, while the other species are more abundant at lower tide levels and at the control station (Table 3) .
The one-way ANOSIM between November and March shows that differences were significant (Global R: 0.141, p= 0.2%, Fig. 6 ). All species apart from Capitella 'capitata' sp. were more abundant in November.
Relationship of environmental variables and polychaete distribution.
The Redundancy Analysis (Fig. 7) shows polychaete distribution along axis I (explaining 62% of total variance). At one side, Capitella 'capitata' sp., with Alitta succinea, Cirratulus sp., Caulleriella sp. and Boccardia polybranchia were highly related to TOC and turbidity. Station 1, the most impacted, was associated with these species. On the other side, Protoariciella uncinata, Syllis prolixa and S. gracilis where related to high values of pH and dissolved oxygen, as well as to stations far from the outfall. Stations were also distributed along axis II (explaining 31% of the total variance). Stations in November were placed in the positive values of the axis, and March stations in the negative values. High values of temperature and turbidity were related to March stations.
DISCUSSION
Environmental variables show differences according to the season (end of spring -end of summer in the Southern Hemisphere, e.g. temperature), but also due to an organic gradient from a sewage discharge. In particular, pH and dissolved oxygen show poor environmental conditions near the outfall, and also during March. Oxygen deficiency has been mentioned as the main ecological factor causing severe stress to macrobenthos (González-Oreja and Saiz-Salinas, 1999) . In the same way, TOC shows high values near the outfall, reflecting high organic matter input in the area. On the other hand, a second gradient of the total sediment accumulated between mussels can be observed, being higher at the control station than near the outfall. This gradient is the result of sediment trapped by the mussel matrix due to their community structure (multi-layered). This is a common feature in mytilid beds (Seed and Suchaneck, 1992) . Due to organic disturbance mussel cover and density decreases towards the outfall, and the matrix can retain less sediment. However, structural complexity reached its maximum at intermediate distances from the outfall, due to a combination of high density and an even distribution of juveniles and adult mussels (Vallarino, unpublished data, but see Vallarino et al., 2002) . This fact leads to a major retention of sediments at intermediate stations. The location of station 3 in a little bay may also play a role in greater sediment accumulation here. The sediment accumulated between mussels is a density-dependent factor, while density of mytilid is a sewage-dependent process . In response to this organic gradient, the indicator species Capitella 'capitata' sp. (see Reish, 1957; Pearson and Rosenberg, 1978; Tsutsumi, 1990; Pocklington and Wells, 1992) dominates areas closest to the outfall. Species of the Capitella complex have largely been found associated with mussel beds, either in the Mytilus matrix or in surrounding sediments (Günther, 1996) . Capitella 'capitata' sp. responds markedly to the short-term sewage disturbance increasing at stations 1 and 2 during March.
Boccardia polybranchia reached highest densities in impacted stations (mainly in station 2) and also at the upper tide level. However, densities in March were lower than in November (except at the control station), suggesting a negative effect of high organic matter loading. In a spatial scale study (Elías et al., 2003) this species has been suggested as an indicator of organically enriched sediments. Boccardia spp. are also frequently mentioned as being in or around sewage outfalls in the Southern Hemisphere, like B. proboscidea (Dorsey, 1982) and also in California (Dorsey et al., 1983) . B. polybranchia was described from an Australian sewage outfall, and is common in the Brachidontes community (see Blake, 1983) . López Gappa et al. (1990) have found up to 500,000 ind/m 2 of Boccardia sp. in adjacent sandbanks and in Brachidontes beds around a small sewage outfall (0.16 m 3 /s) 120 km south of Mar del Plata City. The new evidence suggests that Boccardia polybranchia should be considered as tolerant of moderately enriched sediments.
Another species enhanced by sewage discharge was Alitta succinea. This species was formerly described for mixohaline waters of a coastal lagoon (Orensanz and Estivariz, 1971) , and was also found among Brachidontes beds in vertical substrata of the breakwaters of Mar del Plata City (Scelzo et al., 1996) . Alitta spp. have been found in or around organically polluted zones (Pearson and Rosenberg, 1978) . A previous study (Elías et al., 2003) recorded A. succinea for the first time in impacted areas of the southwestern Atlantic. Its response to short-term sewage impact is not evident in the March plots, because its density was lower than in November, but it shows a relationship with organic matter in the RDA. The species should also be considered as an indicator of moderately enriched sediments.
The syllids of the area, Syllis prolixa and S. gracilis, increased in abundance with distance from the outfall. Their distribution was negatively related to high TOC and positively associated with high values of dissolved oxygen, pH, and to the total sediment accumulated between mussels. Short-term response shows greater density values in November in all but control station (C). Density was greater at lower tide levels, with an increase in March, while at upper tide levels the opposite effect occurred. A Mediterranean syllid Syllis prolifera, is considered a 'clean water' species (Bellan, 1964; Bitar, 1982) . S. prolixa is present in mytilid beds of the Magellan region (G. San Martín, pers. com.). Along the coastline of Peru Typosyllis (possibly a misidentification, most probably S. prolixa) is a common inhabitant of Semimytilus and Perumytilus mussel beds (Tokeshi, 1995) . Syllids are also common in Brachidontes mussel beds (Olivier et al., 1966; Penchaszadeh, 1973) , being indicators of high and midtidal levels on vertical substrata (Scelzo et al., 1996) . At the spatial scale they reached maximum dominance and density at an intermediate distance from the outfall, and are negatively correlated with organic enrichment (Elías et al., 2003) .
The diversity of polychaetes associated with Brachidontes beds (see Table 2 ) seemed to be lower than in other mussel beds. In the Mediterranean Sea, Mytilus galloprovincialis beds have between 30-48 polychaete species (Tsuchiya and Bellan-Santini, 1989; Damiandis and Chitiroglou, 2000) , and about 30 species off Portugal (Saldanha, 1974) . In France a comparison between mussel beds of polluted and clean waters showed little differencein the species diversity (13 to 14 spp, respectively) (BellanSantini, 1969) , but in Spain Villalva and Viéitez (1985) found 40 species in unpolluted Mytilus beds but this reduced to 2-24 species at impacted sites. On the other hand, mussel beds of the southern Perumytilus and Semimytilus beds showed 21 to 25 species respectively in Perú (Paredes and Tarazona, 1980) , and only 6 in Chile (Tokeshi, 1995) . In northern Japan Mytilus edulis beds have 14-19 species (Tsuchiya and Nishihira, 1986) .
As summarized by the redundancy analysis, there is a spatial gradient of organic enrichment related to increasing distance from the outfall. Environmental variables reflected the poor conditions near the outfall, while farther from the source and at the control station the environment is healthy. Indicator polychaetes are present near the outfall (Capitella 'capitata' sp., Alitta succinea, Caulleriella sp., Cirratulus sp. and Boccardia polybranchia), but at the control station polychaetes are characteristic of an undisturbed community (syllids and Protoariciella). The spatial trend herein observed is in agreement with the spatial pattern previously described (Elías et al., 2003) . There is also a temporal pattern produced by the short-term response of polychaetes to an increase of the sewage discharge between November and March. Stations at intermediate distances from the outfall show signs of organic enrichment in March, in response to increasing sewage discharge during the summer. Elías et al. (2005) have shown that subtidal macrobenthic assemblages in the area support two major short-term disturbances: sewage and storms. In the period November-March increased sewage volume has a highly significant effect on water quality, sediment properties, and the macrobenthic infauna of subtidal areas. Periodic storms return all variables to previous conditions. In intertidal areas polychaetes, as well as the whole intertidal community (Vallarino, unpublished data) , showed the same rapid response to the short-term increasing organic enrichment, except for organic matter in the sediments retained by mussels. The fact that both sediments between mussels and organic carbon content suffer a significant reduction in March suggests a possible response to storms. However, further studies are needed to assess the effect of storms on the intertidal community.
